The aim of the study was to determine the median effective dose (ED 50 ) for motor block of various concentrations of intrathecally administered plain bupivacaine.
Background
Both motor blockade and sensory level can be used as a primary endpoint to evaluate the relative potency of local anesthetics. The potency can be determined by investigating the median effective doses (ED 50 ) of motor block using the up-down sequential allocation technique [1, 2] . The ED 50 for motor block of several anesthetics (bupivacaine, levobupivacaine, and ropivacaine) have been determined [3, 4] . Using these approaches, we previously determined the ED 50 for motor block of spinal 0.75% plain bupivacaine in adult patients undergoing urological or lower limb surgery, and found this to be 10.22 mg in patients aged 20-30 years, and 5.78 mg in those aged 70-80 years [5] .
Some researchers have reported that the concentration of local anesthetic is an important factor determining the maximum sensory level and motor block of spinal anesthesia [6, 7] . Camorcia et al. [8] reported that the concentration of local anesthetic affected the ED 50 for motor block in adults. In our previous study, we also found that the concentration of plain bupivacaine influenced the ED 50 in young patients, demonstrating that the ED 50 for motor block of intrathecally administered bupivacaine with 0.75% bupivacaine was higher than that of the lower concentration (0.375% bupivacaine) [9] .
Researchers have found that the spinal cord and nerves changed significantly with age in the biochemical, morphological, and histochemical patterns, and in the anatomical structure [10] [11] [12] . It has been reported that age not only affects the compound action potential amplitude of the muscle and its duration on motor and sensory nerves [13, 14] , but also affects the conduction velocity of the motor nerve [15] [16] [17] .
There are no reports in the literature about the ED 50 for motor block in elderly patients using different concentrations of bupivacaine solutions. The aim of the study was to determine the median effective dose (ED 50 ) for motor block using 3 different concentrations of intrathecally administered plain bupivacaine in elderly patients. The patients were randomly assigned into 3 groups according to a computer-generated random number table: Group 1 received 0.75% bupivacaine; Group 2 received 0.375% bupivacaine; and Group 3 received 0.25% bupivacaine.
Material and Methods
The anesthesiologist in charge performed the entire anesthetic procedure and 1 nurse assessed the clinical results and collected the data, and was blinded to the local anesthetic dose; a second nurse was responsible for preparing the research drug according to the assessed results.
No premedication was used before the patients entered the operating room. Before the CSE was performed, 500 mL of lactated Ringer's solution was infused within 30 minutes. For CSE, the patient was positioned in the left lateral decubitus position, and punctured at the L3/4 interspace with a 16-gauge Tuohy needle. The epidural space was identified using loss of resistance to 2 mL air. The dura was punctured with a 25-gauge Whitacre spinal needle. The hole of the needle was oriented in the cranial direction when inserted through the Tuohy needle. The study anesthetic solution was injected into the subarachnoid space at a rate of 0.2 mL/second after cerebro-spinal fluid (CSF) appeared in the spinal needle hub. The epidural catheter was threaded 3 cm into the epidural space, and the patient was placed in a supine neutral position. After the study determinations were made, the patient's position was changed according to the requirements of the surgical procedure.
Based on our previous research [5] , the initial dose chosen was 7.5 mg (1.0 mL) of the 0.75% plain bupivacaine solution (Bupivacaine. ZHAOHUI Company, Shanghai, China), and the dose interval was set at 0.75 mg (0.1 mL) in all groups. In Group 1, the 0.75% plain bupivacaine solution was used directly; in the Group 2, a concentration of 0.375% bupivacaine was achieved by adding the same volume of 0.9% saline; and in Group 3, a concentration of 0.25% bupivacaine was obtained by adding 2/3 volume of 0.9% saline. The subsequent doses of the drug in each group were decided depending on the outcome in the previous patient in the same group according to Dixon's up-and-down method [18] .
The efficacy of the drug was determined using the modified Bromage scale [19] and the hip motor function scale [20] . It was assessed from completion of the spinal injection every minute for 5 min, and at 10 min (Table 1 ). An ineffective outcome was defined as a Bromage and a hip motor function score of 0 in either leg within 5 min of injection. If this occurred, the 2589 bupivacaine dose was incremented of 0.75 mg for the next patient in the same group. An effective outcome was defined as a modified Bromage and a hip motor function score >0 in either leg within 5 min of injection. In this case the bupivacaine dose was decreased 0.75 mg for the next patient in the same group. The median ED 50 for motor block of bupivacaine was obtained from the midpoints of the ineffective-to-effective crossover. Patients were enrolled until 6 pairs were obtained, as per Paul and Fisher's study [21] . According to our previous experience, 20 patients per group is a sufficient sample size [5] .
A technical failure was defined as a patient that did not feel heat or numbness sensations in the leg and sacral dermatomes with 2 min of spinal injection. Then, the same dose was repeated in the next patient of the same group. Sensory block was also tested bilaterally in the lumbar and sacral dermatomes. The highest level of pinprick sensation in the midaxillary line was assessed and recorded at 5 min and 10 min after completion of spinal injection ( Table 2) . The highest sensory level blocked was also determined, and the duration of the motor blockade was also recorded.
Ten minutes after spinal injection, supplemental doses of 2% lidocaine were given through an epidural catheter if the level of anesthesia was not sufficient for surgery. General anesthesia was used if required. The number of cases requiring epidural local anesthetic reinforcement and the total volume of local anesthetic used, the number of cases with incomplete motor block (Bromage scale <2), and the number of cases requiring general anesthesia were recorded. Such patients were excluded from the data collected for duration of motor block. Any adverse effects were also recorded.
Intraoperative monitoring, included noninvasive blood pressure (BP), heart rate (HR), and O 2 saturation by pulse oximetry values, were recorded before anesthesia, and at 5 and 10 min after intrathecal injection of bupivacaine. Arterial hypotension was defined as a 30% decrease in the systolic BP compared to the baseline value, and was treated by the intravenous administration of 5 mg ephedrine. Heart rate decrease to under 55 beats/min was treated with 0.25 mg of atropine.
Statistical analysis SPSS 17.0 package for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Data are expressed as the mean (SD), median (range), or count/number. The means were compared using one-way analysis of variance (ANOVA), while medians (ranges) were analyzed by Kruskal-Wallis one-way analysis, and counts or proportions were analyzed by using the Fisher's exact test. The ED 50 for motor block was determined according to the up-and-down sequences method of Dixon and Massey [22] , while the probit regression analysis was used as a backup or sensitivity test. One-way analysis of variance (ANOVA) was used for comparisons of the ED 50 , and the Tukey multiple comparison test was used for multiple comparisons between groups. Based on the study by Paul and Fisher, patients were enrolled until 6 crossovers were obtained [21] ; therefore, we could complete the study enrollment when we had enrolled 64 patients. A P value <0.01 was considered statistically significant. Data are reported as the median (range). L -lumbar dermatome level; T -thoracic dermatome level. There were no significant differences among the groups in maximum cephalic analgesia level at 5 min and 10 min.
Results
The patient characteristics and demographic data were not signifigantly different among the 3 groups (Table 3) . One patient in Group 1 and 1 patient in Group 2 required general anesthesia due to technical difficulty during epidural space detection; these patients were excluded from the analysis. Sixtytwo patients were punctured successfully and felt sensations of heat or numbness in the leg and sacral dermatomes within 2 min, indicating that the study drug had been correctly injected into the subarachnoid space. In Group 3, there were 3 patients whose motor nerves were not blocked completely during the entire period of surgery (Bromage scale <2).There was 1 patient each in Group 2 and 3 whose level of analgesia did not allow surgery; therefore, they were administered epidural supplement drugs. One patient in Group 3 needed epidural supplementation because of longer surgery. One patient in group 1 needed general anesthesia because the sensory block level was insufficient to start surgery. These patients were excluded from the data collected for duration of motor block. The number of patients who needed supplemental epidural anesthesia did not differ significantly among the 3 groups. Surgery was completed successfully in all enrolled patients.
There were no significant differences among the groups in maximum sensory block level at 5 min and 10 min after completion of spinal injection ( Table 2 ). The sequences of effective and ineffective outcomes are shown in Figure 1 . (Table 4) .
Discussion
The present study showed that the ED 50 for motor block in older patients was significantly different when various concentration of intrathecal plain bupivacaine solutions were used, which was significantly higher when 0.75% bupivacaine was used compared to when 0.25% bupivacaine was used.
This study used the motor blocking minimum local anesthetic dose methodology to assess the motor block potencies of various concentrations of anesthetic solution, administered as spinal anesthesia, in older patients. This approach for estimating ED 50 has been described in previous studies [3] [4] [5] .
Camorcia et al. reported that the ED 50 for motor block of intrathecal ropivacaine was 50% higher in a 0.1% solution [23] , but this trend was not consistent with our present findings. This phenomenon can be explained as follows. First, plain ropivacaine has lower lipid solubility, which results in lower distribution of ropivacaine into the cord. Second, the plain ropivacaine solution is slightly hypobaric, and the spread is likely to be more dependent on other factors such as injection rate, and volume and doses of ropivacaine. This may result in unpredictable effects, as reported by others [24, 25] . Finally, the great difference of anesthetic concentration (a 10-fold difference) results in a different trend. In the present study only a 3-fold difference in hyperbaric bupivacaine was used for spinal anesthesia. Peng et al. [26] observed that slightly increasing local anesthetic concentration (lidocaine), and comparing it with a small increase in the dose at a lower concentration, achieved the same degree of motor and sensory block. However, with the plain bupivacaine in the present study, we noted that the doses for motor block were higher in the higher concentration group. This is probably because the density of the local anesthetic solution determines the spread of the anesthetic drugs. According to previous research using highly precise equipment to accurately measure the density of commonly used intrathecal drugs in human CSF at 37°C, plain bupivacaine is indeed hypobaric [27] [28] [29] . Table 3 . Group characteristics and demographic data.
Data are reported as the means ± standard deviations (SDs). The means were compared using one-way analysis of variance (ANOVA), and multiple comparisons between groups were made using the LSD test. There were not significant differences among groups.
In a previous study, we determined the ED 50 for motor block with 0.75% plain bupivacaine for spinal anesthesia, and compared the values between adults of various age groups. The ED 50 was found to be 5.78 mg in adults aged 70-80 years [5] , which is similar to the result of the present study. Furthermore, we have measured the ED 50 for motor block of 2 different concentrations of bupivacaine (0.375% and 0.75%) in young patients, and observed that the ED 50 for motor block of intrathecally administered bupivacaine with higher concentration (0.75%) was higher (9.998 mg) than that of a lower concentration (0.375%, 8.890 mg) [9] . Age-related differences probably remained, and were justified before.
Many factors influence the level of spinal sensory anesthesia, including the dose and volume of the anesthetics and the lumbosacral CSF volume. Lee et al. [30] found that the ratio of the long axis and the transection area of the abdomen also affected maximal spinal level. In this study, although dosage variations existed between different individuals and also the volume of bupivacaine solution was different in different groups, the level of sensory analgesia was similar at 5 min and 10 min after spinal injection, differing by just 1 or 2 sensory dermatomes among the 3 groups. This is probably because the volumes of local anesthetic used in our current study (<3 mL) are substantially lower than the lumbosacral CSF volumes, which have been reported to range from 42.7 to 81.1 mL [31] . Previous studies have also shown that the volume of intrathecal bupivacaine is not an important determinant of local anesthetic spread [32] .
Kim et al. [33] and Bachmann et al. [34] achieved a T10 sensory peak block level using low hyperbaric bupivacaine doses (6 and 7 mg, respectively) and used head-down tilt to reach it, thus explaining the differences with our work (lower sensory block level reached). For reducing the incidence of hypotension and fast recovery from anesthesia, Errando et al. [35, 36] used very low hyperbaric bupivacaine doses (3.75 mg) at very low concentration (0.25%) for fracture repair in the elderly, but some of their patients needed intravenous anesthesia rescue in hip fracture repair surgery. In our study, we determined the ED 50 was 5.43 mg in 0.25% plain bupivacaine, a slightly higher dose.
The average duration of motor block in the 3 groups assessed here was 150~220 min, with no significant difference among groups.
The limitations of our study are:
• The sample size was obtained in an indirect manner.
• The volume of CSF was not determined in the spine and the height of a patient would affect the sensory level, and also affect the results of this study.
• Ten minutes after injection completion could be an insufficient time lapse to evaluate the motor block and sensory level characteristics during spinal anesthesia. However, we imposed this time limitation due to clinical/practical reasons.
Moreover, as we have previously described [5, 9] , although the up-and-down method is often used in small samples to determine the ED 50 of a drug, the ED 95 cannot be accurately assessed using this approach. Therefore, further investigations are required to determine the ED 95 of bupivacaine for different anesthetic concentrations and injection volumes. In addition, although our results showed statistically significant differences, in the clinical setting these could be less important.
Conclusions
The concentration of bupivacaine solutions affects the ED 50 for motor block with intrathecally administered bupivacaine in elderly patients. The ED 50 doses of these 3 concentrations were significantly different and the dose of 0.75% bupivacaine was significantly higher than that of 0.25% bupivacaine. 
